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METHOD OF DETERMINING A COLOR PROFILE FOR PRINTING WITH N 
PRINTING INKS 

5 

Background of the Invention : 
Field of the Invention : 
The invention relates to the field of electronic reproduction 
. technology and pertains to a method of determining a color 

o 

lffl profile for printing with more than three colored printing 

tn 

fpj inks, in general terms, for printing with N printing inks. 

h 
m 

q. In reproduction technology, printing originals for printed 

fy 

fa pages are produced that contain all the elements to be printed 

1|5 such as texts, graphics, and images. For colored printing, a 

PJ 

separate printing original is produced for each printing ink, 
containing all the elements that are printed in the respective 
color. For standard four-color printing, these are the 
printing inks cyan, magenta, yellow, and black (CMYK) . The 

2 0 printing originals, separated by printing inks, are also 

referred to as color separations. The printing originals are 
generally screened and exposed onto films, which are then 
processed further to produce printing forms for printing high 
numbers (printing plates, printing cylinders) . Alternatively, 

25 the printing originals can be exposed directly on printing 

plates in special recorders. There are also digital printing 



machines, which process the printing original data directly, 
without the intermediate step of the production of color 
separation films or printing plates, and convert the data into 
printed products. 

5 

The printing originals of a printed page to be reproduced 
describe the page in the form of printing data that, in the 
case of four-color printing, specify the percentages of the 
|* printing inks CMYK to be printed in each image point by four 
C§ printing color values. For example, each printing color value 

m 

m 1S descri bed by one byte, that is to say, it can be varied in 

y 

03 256 steps between 0% and 100%. The printing color value 0% 
|5 means that the printing ink is not printed at the 

w 

N corresponding point on the printed page, and the printing 
.P color value 100% means that the printing ink is printed with 

its solid-tone value, that is to say, the maximum possible 

proportion. 



To determine the printing color values, for example, for an 
20 image to be printed, the image is scanned with light in a 
scanner, line by line and image point by image point, 
initially scanner color values for the primary colors red, 
green, and blue (RGB) being produced for each image point. 
The scanner color values can be converted directly into the 
25 printing color values CMYK in a color computer. Nowadays, 
however, the scanner color values are frequently first 
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converted, in an intermediate step, into device- independent 
color values, for example, into the color values of the Lab 
color system. The Lab color system has been standardized by 
the Commission Internationale d'Eclairage (CIE) , and it 
describes the colors as a human standard observer sees them. 
The intermediate step is made to decouple the colors from the 
device -dependent color systems of scanners, color monitors, 
color printers, printing machines, and so on, and to describe 
and to process the colors to be printed in a device- 
independent color system. In a second step, the Lab color 
values, which are, as a rule, further color-corrected and 
retouched, are converted into the printing color values CMYK. 

FIG. 1 shows the color conversions from the scanner color 
values RGB, through the uncorrected color values LI, al, bl 
and the corrected color values L2, a2, b2 , into the printing 
color values CMYK in accordance with the current operating 
sequence. The relationship between the respective device 
color values and the Lab color values that correspond to them 
is preferably represented by a color profile. The scanner 
color profile accordingly describes what Lab color is 
associated with every possible combination of the RGB color 
values from the scanner, and the printing color profile 
indicates, for each Lab color, the associated CMYK color 
values that have to be printed to obtain the Lab color in the 
printed product. The color profiles are generally 



multidimensional conversion tables that, at least for a subset 
of the possible Lab color values, contain the associated 
device -dependent color values. For color values lying between 
these, an interpolation is then carried out. The 
5 International Color Consortium (ICC) has standardized the data 
format of the color profiles. Decoupling through the Lab 
color system also makes it possible to combine any desired 
d^ices, such as various scanners or other image sources or 
q various printing processes, in one operating sequence and to 
lsjj change it flexibly, without, as a result of the many different 
tjl device -dependent color systems, the overview being lost of 
W which color will come out at the end of the process. 
Zi Monitoring the color through various devices in a complex 
\= operating sequence is designated color management. 

4 

In the case of traditional four-color printing using the 
standard colors CMYK, the gamut of the printable colors that 
are available is reduced considerably in some areas as 
compared with the perceivable colors in slides or the colors 

2 0 on a monitor. Although these restrictions can be reduced if, 
instead of the standard colored printing inks cyan, magenta, 
and yellow, special inks for cyan, magenta, and yellow are 
used, which are still more colored. However, a comprehensive 
solution necessitates printing with more than three colored 

25 printing inks. 
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In the simplest case, it is possible, for example, to add a 
further colored printing ink such as red or green to the 
standard colors CMYK to widen the gamut of the printable 
colors in a specific area. Such a case occurs in package 
printing, when special, saturated product or logo colors have 
to be reproduced. Even if such a special color can be 
produced with the standard printing inks, an appropriate 
special color provides increased stability with respect to the 
jgj fluctuations in the printing process of two overprinted 

standard printing inks. If, in a number of hue areas, the 

m 

fjf color gamut of the printed colors is to be widened, it is 

w 

03 possible to print, for example, with seven colors, with the 

P standard colors CMYK and three further colored printing inks 

5 red ' green, and blue. 

J 

German Patent DE-4417449-C2 describes a simple process for 
producing the color separation for an additional printing ink, 
the secondary color of the additional color in the standard 
printing inks being left out, by an appropriate amount being 
2 0 subtracted from the standard printing inks involved. 



European Patent EP- 013 1145 -Bl describes a method that operates 
with seven or eight printing inks and in which the surface 
elements printed are printed beside one another. In such a 
case, up to four printing inks are printed at each image 
point, surface elements in the printing colors white and 
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black, on one hand, and surface elements of two colored 
printing inks adjacent in hue, on the other hand. The 
printing color values are obtained from the scanned RGB color 
values by step-by- step subtraction of components that are 
5 common to a plurality of RGB color values. 



In European Patent Application EP-0735743 -A2 , corresponding to 
U.S. Patent 5,687,300 to Cooper, a method is described that 
g calculates the color separations for seven printing inks from 
1§ the scanned RGB color values by simple operations such as 

iil 

y>j addition, subtraction, minimum, and maximum function, the 

Hi 

ij computed values being corrected with simple one -dimensional 

O tabular functions relating to the printing process 

N characteristics. 

PJ 

In European Patent Application EP-0586139-A2 , a method of 
determining the color separations for seven printing inks is 
described, in which two three-dimensional conversion tables 
are calculated, one table that converts the scanned RGB color 
2 0 values into the four standard printing colors CMYK, and a 

further table that converts the scanned RGB color values into 
the additional printing colors red, green, and blue. 



All the prior art methods are restricted to the color 
25 separation in seven printing inks, the six colored printing 
inks substantially being the standard printing inks cyan, 



magenta, and yellow, on one hand, and their complementary 
colors red, green, and blue, on the other hand, that is to 
say, the hue angles of the colored printing inks are 
distributed uniformly over the color circle. The prior art 

5 methods also, to some extent, do not have a sufficiently 

accurate color reproduction, particularly not the methods in 
which the color reproduction characteristic of the printing 
process and of the printing machine to be used are not 

fi included in the calculations. 

a 
m 

W Summary of the Invention : 

p It is accordingly an object of the invention to provide a 

o 

iy- method of determining a color profile for printing with N 
j| printing inks that overcomes the hereinaf ore-mentioned 

o 

lpj disadvantages of the heretofore -known devices and methods of 

this general type and that determines a printing color profile 
with a high reproduction quality for a system of N printing 
inks. In such a case, the selection of the colored printing 
inks with respect to their hue angle and their number is any 

20 desired, within wide limits. The method can be used both for 
printing ink systems that contain the printing ink black, and 
for printing ink systems with only colored printing inks. 



With the foregoing and other 
25 provided, in accordance with 
determining a printing color 



objects in view, there is 
the invention, a method of 
profile for printing with N 
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printing inks forming a color solid of printable colors in a 
device- independent color system, including the steps of 
defining an inner reference curve in the device -independent 
color system by selecting one of the group consisting of a 

5 printing ink and a combination of printing inks, defining 
boundary surfaces between the inner reference curve and an 
outer envelope of the color solid subdividing the color solid 
into color sectors by producing first test forms, the first 

p test forms being colorimetrically printed and measured, 

a 

lStj producing second test forms for the color sectors, the second 
Jil test forms being colorimetrically printed and measured, and 
determining the printing color profile from measured values 
|j from the second test forms. 

M 

1 fj In accordance with another mode of the invention, the inner 
reference curve is defined by the printing ink black. 



In accordance with a further mode of the invention, the inner 
reference curve is defined by a combination of printing inks. 

In accordance with an added mode of the invention, the inner 
reference curve lies in a region of neutral colors. 

In accordance with an additional mode of the invention, the 
first test forms contain color fields in which proportions of 
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the printing inks selected for the inner reference curve and 
of one colored printing ink are varied. 

In accordance with yet another mode of the invention, the 
first test forms contain color fields in which proportions of 
the printing inks selected for the inner reference curve and 
of two colored printing inks are varied and a hue of the two 
colored printing inks are approximately equal. Preferably, a 
hue of the two colored printing inks are substantially equal. 

In accordance with yet a further mode of the invention, the 
second test forms contain color fields in which proportions of 
the printing inks selected for the inner reference curve and 
of two colored printing inks are varied. 

In accordance with yet an added mode of the invention, the 
second test forms contain color fields in which proportions of 
the printing inks selected for the inner reference curve and 
of three colored printing inks are varied and two of the three 
colored printing inks have an approximately identical hue. 
Preferably, two of the three colored printing inks have a 
substantially identical hue. 

In accordance with yet an additional mode of the invention, 
the printing color profile is described in the form of a 
table, in which predefined device -independent color values are 
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assigned the printing color values of the printing inks with 
which predefined colors can be printed. 

In accordance with again another mode of the invention, the 
printing color profile is a table having predefined device- 
independent color values assigned to printing color values of 
the printing inks with which predefined colors can be printed. 

With the objects of the invention in view, there is also 
provided a method of determining a printing color profile for 
printing with N printing inks forming a color solid of 
printable colors in a Lab color system, including the steps of 
defining an inner reference curve in the Lab color system by 
selecting one of the group consisting of a printing ink and a 
combination of printing inks, defining boundary surfaces 
between the inner reference curve and an outer envelope of the 
color solid subdividing the color solid into color sectors by 
producing first test forms, the first test forms being 
colorimetrically printed and measured, producing second test 
forms for the color sectors, the second test forms being 
colorimetrically printed and measured, and determining the 
printing color profile from measured values from the second 
test forms. 

Other features that are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in a method of determining a color profile for 
printing with N printing inks, it is, nevertheless, not 
intended to be limited to the details shown because various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof, will be best understood from the following 
description of specific embodiments when read in connection 
with the accompanying drawings. 

Brief Description of the Drawings : 

FIG. 1 is a block diagram illustrating a prior art operating 
sequence when producing printing data from scanned image data 
with the aid of color profiles; 

FIG. 2 is a three-dimensional graph showing an inner reference 
curve in a Lab color system according to the invention; 

FIG. 3 is a three-dimensional graph showing a boundary surface 
in the Lab color system according to the invention; 
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FIG. 4 is a diagram of a test form for determining a boundary 
surface according to the invention; 

FIG. 5 is a three-dimensional graph showing the boundary 
5 surfaces for a printing ink system with four standard printing 
inks in the Lab color system according to the invention; 

FIG. 6 is a plan view in the a,b plane of the graph of FIG. 5 
13 showing the boundary surfaces and color sectors for a printing 

55 

lfcj ink system with four standard printing inks in the Lab color 

w 

fl system; 

m 

Q 

pj FIG. 7 is a plan view in the a,b plane of the graph of FIG. 5 
showing an alternative embodiment with the boundary surfaces 

C3 

lpj and color sectors for a printing ink system with seven 
printing inks in the Lab color system ; 

FIG. 8 is a plan view in the a,b plane of the graph of FIG. 5 
showing an alternative embodiment with the boundary surfaces 
20 and color sectors for a printing ink system with five special 
colors in the Lab color system ; 

FIG. 9 is a diagrammatic representation of a test form for 
determining a color sector according to the invent ion ; 

25 
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FIG. 10 is a graph showing a black composition with the 
printing inks CMYK according to the invention; 

FIG. 11 is a diagrammatic representation of a test form, 
modified in accordance with the black composition for 
determining a boundary surface, according to the invention; 

FIG. 12 is a three-dimensional graph showing a weighting 
function for the printing-ink proportions in a test form for 
determining a boundary surface according to the invention; 

FIG. 13 is a plan view in the a,b plane of the graph of FIG. 5 
showing an alternative embodiment of two orange printing inks 
in the Lab color system; 

FIG. 14 is a graph of lightness and chroma of two orange 
printing inks in the Lab color system according to the 
invent ion ; and 

FIG. 15 is a diagrammatic representation of a modified test 
form for determining a boundary surface for two orange 
printing inks according to the invention. 

Description of the Preferred Embodiments : 

The method according to the invention permits the calculation 
of specific printing color profiles for the conversion of 
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device- independent colors (Lab) into the printing color values 
of a printing ink system with N printing inks, which, in 
accordance with the International Color Consortium (ICC) 
specification, are designated link profiles. The calculation 
of the inverse conversion from the printing color values to 
the device -independent Lab color values is easily possible 
with the aid of conventional simple methods, by which means 
the printing color profiles can be supplemented to form the 
more comprehensive device profiles. Just like conventional 
printing color profiles, the color profiles determined in 
accordance with the invention can be combined with a method 
for color gamut adaptation (gamut mapping) , in order to take 
into account the fact that specific colors, for example, those 
contained in a slide, cannot be printed even with an expanded 
printing ink system including N printing inks. Such a method 
is described, for example, in German Patent DE 44 09 226, 
corresponding to U.S. Patent No. 5,6 96,83 9 to SIEGERITZ. 

For a typical human observer of a printed product, the 
perception of color is characterized by a three-dimensional 
color space. Therefore, standardized device- independent color 
systems such as the XYZ or the Lab color system are likewise 
three-dimensional. If more than three printing inks are used, 
the proportions of the printing inks that are needed to 
produce a specific color are not defined uniquely. In 
general, there is a plurality of combinations of printing 
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color values that produce the same color. To define the 
association between device- independent , predefined Lab colors 
and the corresponding printing color values in a unique way in 
spite of this, additional, restrictive boundary conditions 
have to be observed, which emerge from the special technical 
features of the printing process. 

One of these conditions is that the total application of color 
of overprinted printing inks (area coverage sum) has to be 
limited, for example to 340% in offset printing. The reasons 
for such limitation are, inter alia, the necessary drying 
times and the limited ink absorption of the paper surface. 
Although a total color application of up to 700% would, 
therefore, be theoretically possible in seven-color printing, 
the ranges of the seven- dimensional printing color space, 
where the sum of the color components lies above the 
predefined limit, cannot be used. However, colors with a very 
high overall application of color cannot be printed stably 
either, that is to say, with good repetition accuracy. 

If the printing ink black is used, and the black does not have 
a color cast, it is possible to print all neutral (gray) areas 
of images entirely without colored printing inks. When fine 
screens are used, such printing leads to good results, but, in 
the case of coarser screens, the raster structure is clearly 
visible in these areas. In addition, the optical density that 
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can be achieved with black on its own is often inadequate. On 
the other hand, by using black, the quantity of colored 
printing inks used can be reduced, and the printing process 
can be stabilized. It is, therefore, necessary to be able to 
5 select different ink build-up variants, so that the inner 
range of the neutral colors is built up with more or less 
black, depending on the boundary conditions. 

q When conventional screens are used, only a limited number of 

5 

lQj screen angles are available if the formation of Moire fringes 

Ul is to be avoided, normally four different angles. It is, 

03 therefore, often necessary for a plurality of printing inks to 

W use the same screen angle. Because the overprinting of a 

% plurality of colors at the same screen angle leads to poorly 

6 

IJjj reproducible printed results in many cases, such a case must, 
at most, occur in the case of small screen dots. 

The aforementioned requirements are taken into account by the 
method according to the invention by defining corresponding, 

2 0 additionally restrictive conditions for the color separation. 
A significant feature of the method is a special breakdown of 
the entire color solid of the printable colors into partial 
bodies, which, in each case, can be treated separately. The 
partial bodies in each case correspond to specific sub-spaces 

25 of the entire N-dimensional printing color space. The basis 
for such a breakdown is the determination of process 
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characteristics in selected areas of the printing process. 
The determination is initially carried out using a first set 
of test forms and then, with a second set of test forms, which 
are printed by the printing process to be determined and are 
then measured color imetrically. The methods of the breakdown 
and the construction of test forms resulting therefrom will be 
described first for printing processes with the printing ink 
black. 

If the printing ink black is printed with different 
percentages between 0% and 100%, the result, from the 
corresponding color measured values, is a curve in the Lab 
color system that runs from paper white as far as pure black. 

Referring now to the figures of the drawings in detail and 
first, particularly to FIG. 2 thereof, there is shown the 
curve, which will be referred to below as the inner reference 
curve l. The curve 1 is shown by way of example in FIG. 2. 
In the case of most printing processes, the inner reference 
curve 1 lies in the interior of the overall process color 
solid, in general, however, it does not lie on the gray axis, 
that is to say, on the L axis of the Lab color system. A 
particularly simple breakdown of the color solid is achieved 
if it is prescribed that no colored printing colors are to be 
used on all points on the inner reference curve 1 . Such a 
case will be explained first. The more general case, more 
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advantageous for many practical printing processes, in which 
neutral colors are formed by overprinting black and some 
colored printing inks, will be derived later from the special 
case . 

The various combinations of black and an individual colored 
printing ink form a two-dimensional set of points that, in the 
Lab color system, is depicted as a boundary surface in the 
process color solid in the form of a very distorted square. 
The corresponding boundary surface 2 is shown by way of 
example in FIG. 3 for the printing ink magenta. The surface 2 
is bounded on one side by the inner reference curve 1. To 
register the position and shape of the boundary surface 2 in 
the Lab color system in numeric terms, a test form with 
combinations of some discrete values of the printing inks 
black and magenta is printed and then measured 
colorimetrically. 

Such a test form 3 is shown in FIG. 4. The test form 3 
includes color fields 4, whose printing color values for black 
and magenta are varied systematically. In the example of FIG. 
4, in the color fields 4, the proportions of magenta increase 
from left to right, and the proportions of black increase from 
bottom to top. With the color measured values from the fields 
4 of the test form 3, the points in the Lab color system 
corresponding to the printing ink combinations are obtained. 
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By two-dimensional interpolation between the printing color 
values of the color fields 4 or between the points measured 
for such a purpose in the Lab color system, it is then 
possible with sufficient accuracy to describe the two- 
dimensional sub-process including black and the colored 
printing ink. For practical purposes, a step width of 10% 
between 0 and 100% has proven to be sufficiently accurate. A 
graduation with 0, 10, 20, 40, 70 and 100% is also suitable 
for such a purpose . 

For all the colored printing inks envisaged, corresponding 
two-colored test forms 3 with color fields 4, in which the 
respective colored printing ink is combined with the printing 
ink black, are produced in accordance with the scheme 
described. In addition, in a further test form, color fields 
are combined that contain all the possible color combinations 
of two colored full -tone inks in each case. In the case of N- 
1 colored printing inks, the result is (N - 1) x (N - 2)/2 
fields for such a further test form. 

The entire set of N test forms is then printed, preferably 
simultaneously, on a printed sheet, and all the test fields 
are measured colorimetrically . The first N-l test forms yield 
the descriptions for the two-dimensional sub-processes between 
a colored printing ink and black in each case. In the Lab 
color system, this results in a set of boundary surfaces 2, 
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which all have the inner reference curve 1 in common. For the 
purpose of illustration, three boundary surfaces 2 for the 
colored printing inks cyan, magenta, and yellow are sketched 
in FIG. 5. In the example, the printing process color solid 
is divided by the three boundary surfaces 2 into three color 
sectors 5. Colors that are produced from a colored printing 
ink and black lie on the boundary surfaces 2 . In the color 
sectors 5 between the surfaces there are colors that are 
produced from black and two colored printing inks. A color 
sector 5 between two boundary surfaces 2 in the Lab color 
system corresponds to a three-dimensional sub -space in the 
higher-dimensioned printing process color space. The 
proportions of color of the three printing inks involved in 
each case vary between 0 and 10 0%. 

In FIG. 6, the example of FIG. 5 is shown again in a view from 
above of the a,b plane. The maximum extent of the printing 
process color solid in the a,b plane is determined by the 
solid-tone colors CMY and the solid-tone mixed colors C+Y, 
M+Y, and C+M. The Lab color values of the full -tone mixed 
colors are obtained from the measured values from the test 
form, whose fields contain the combination of in each case two 
colored full -tone colors. 

FIG. 7 shows schematically, as a further example, a seven- 
color system having the 6 colored printing inks cyan, magenta, 
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yellow, red, green, blue, in the view from above of the a,b 
plane. The 12 -cornered outline is produced by the six colored 
full -tone colors and the six full- tone mixed colors between 
adjacent printing inks in each case. In the example, six (6) 
5 color sectors 5 result between the boundary surfaces 2 . In 
FIG. 7, it is indicated that the boundary surfaces 2 between 
the color sectors 5 of the color solid are generally 
irregularly shaped and, in the projection onto the a,b plane, 

U 

q usually result in curves or even narrow areas. 

c! 

|n The production, printing and measuring of the first set of 

63 test forms is used for the purpose of obtaining an overview of 

y the extent and form of the printing process color solid in the 

w 9 Lab color system. In addit ion, the form and position of the 

■ 4k 

boundary surfaces 2 between the color sectors 5 is determined 
thereby. After the measured color values from the first set 
of test forms are available, the user can assess the printing 
process color solid from various points of view, for example, 
by using graphic representations that, corresponding to FIGS. 

2 0 5, 6, or 7, are generated on a computer screen by suitable 
software. Whether or not the corresponding spatial 
relationships in the Lab color system are acceptable depends 
to a great extent on the intentions of the user. For example, 
a printing process with a color solid like that which is 

25 illustrated in FIG. 8, which includes the printing inks green, 
yellow, orange, red, and magenta and contains only a sub-area 
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of the perceptible colors, may be entirely suitable for 
package printing with images and product colors, in which only 
specific color ranges occur. For the usual production 
technology with arbitrary images, on the other hand, such a 
5 color solid would be completely unsuitable. 

Further checks are preferably carried out by computation with 
suitable software. For example, a check is made as to whether 
£!j ° r not the colored printing inks have a minimum spacing from 

8 

lqj one another xn the Lab color system, and whether or not all 

iji 

HI lie on the outer envelope of the color solid. This is 
03 required because the intention is to avoid a colored printing 
*3 ink having the same color values as a combination of the other 
J printing inks located far in the interior of the color solid. 
15;" For such a purpose, a convex envelope in the Lab color system 
is calculated from the measured values of the first N-l test 
forms of the first set of test forms. Suitable methods for 
such a purpose are described in the literature relating to 
computer graphics. 

20 

The colored printing inks are ordered in a circumferential 
sequence in the a,b plane with the aid of the previously 
calculated convex envelope. The sequence is used to decide 
which printing ink is respectively adjacent to which other. 
25 This means that, overall, a breakdown of the printing process 
color solid into individual color sectors 5 has also been 



-22- 



HK-646 

achieved, and at the same time the printing inks to be used in 
each color sector 5 have been defined. Each color sector 5 of 
the printing process color solid, in the simplest case 
considered hitherto, where only the printing ink black is used 
for neutral colors, can be produced from three printing inks, 
namely from black and the colored printing inks of the two 
boundary surfaces 2, which bound the color sector 5 on each 
side. Each color sector 5 respectively corresponds to a 
three-dimensional sub-space of the overall N-dimensional 
printing process color space. By varying the proportions of 
the three printing inks between 0 and 100%, all points in a 
color sector are reached. 

In the next step of the method according to the invention, a 
second set of test forms is produced, one test form being 
formed for each color sector 5, its color fields containing 
combinations of the three printing inks involved in the color 
sector. FIG. 9 shows, as an example, a test form 6 for a 
color sector 5 having the three printing inks black, magenta, 
and blue. The test form 6 contains a number of groups of 
color fields 7. In each group, the printing inks magenta and 
blue are varied in steps, and the printing ink black has a 
constant printing color value. From group to group, the 
printing ink black is varied. The second set of test forms 6 
is likewise printed with the printing process to be 
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determined, and the color fields 7 are measured 
colorimetrically. 

From the measured values, the printing color profile is 
5 finally calculated. The color profile is substantially a 
table with three dimensions on the input side that, for all 
the combinations of discrete, regularly spaced Lab color 
values, contains the associated printing color values. If the 
color profile according to FIG. 1 is used, it is then possible 
l|jj for all intermediate values to be obtained by interpolation 
|| between the tabular reference points. The compilation of the 

w 

|| table requires that, for each position in the table, that is 

Q to say, for each reference point in the Lab color system, the 

U corresponding N-tuple is entered for the associated N printing 

lS3 color values . 

iij 

The test forms 6 from the second set of test forms are the 
images of three-dimensional grids in sub-spaces of the 
printing process color space. For practical reasons, they 

20 usually have a resolution between 5x5x5 and 11 x 11 x 11 
grid points. The grid position of a point in this case 
determines its proportions of printing ink in the respective 
sub- space, and the coordinates of the point are the associated 
measured values in the Lab color system. By a suitable 

25 interpolation method, for example, with spline functions, 
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grids with smaller spacings between the points are produced. 
A suitable grid has, for example, 32 x 32 x 32 points. 

For each reference point to be processed in the Lab color 
5 system, that is to say, for each position in the table of the 
printing color profile to be determined, the Euclidean 
distances to all the grid points in all the highly 
interpolated test-form grids are calculated. The grid point 
H with the smallest distance is selected. Because of the 
l|j limited resolution of the test- form grids, it is expedient, in 

Jj*j the environment of the grid point, to interpolate from its 

b i 

CI* neighboring points a local, more finely resolved grid with a 

Q spacing of the grid points in the printing process sub- space 

M- of, for example, 0.5%. In the finer local grid, all the 

if 3 Euclidean distances to the Lab color value of the table 

Pi 

reference point are again calculated, and the point with the 
smallest distance is selected. 

For the point determined, an N-tuple is formed in which the 
20 three associated printing color values are plotted in the 
corresponding color sector, and the printing colors not 
belonging to the color sector are set to zero. The N-tuple is 
then entered into the position in the table just processed of 
the printing color profile. When the N- tuples have been 
25 entered for all the Lab reference points in the printing color 
profile, the method has been completed. 
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Until now, the simple case has been described, in which only 
the printing ink black is used on all points on the inner 
reference curve 1. Normally, however, in printing technology 
neutral colors are formed by overprinting black and some 
colored printing inks because, as a result, the neutral colors 
are reproduced darker and a smoother transition from neutral 
to colored colors is achieved. For such a case, the method 
according to the invention is modified appropriately, in that, 
for the colors on the inner reference curve 1, it is not just 
the printing ink black that is defined, but a combination of 
the standard printing inks CMYK. The relative proportions of 
these standard printing inks, with which they contribute to 
the build-up of the neutral colors, are expediently selected 
in a practical way, based on the experience with classical 
four-color printing, and leads to good results. 

FIG. 10 shows an example of the relative proportions of CMYK 
in neutral colors, the proportions being plotted as functions 
8 as a function of the lightness L. The composition is also 
designated by the specialist term "black composition" . For 
the color white (L = 100) , all the proportions of CMYK are 
equal to zero. A gray value of L = 50 is composed of the 
proportions C = 48%, M = 40%, Y = 42%, K = 12%. The color 
black (L = 0) , finally, has the proportions C = 85%, M = 78%, 
Y = 84%, K = 95%. It is also typical of such a black 
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composition that light gray values do not contain any 
proportion of the printing ink black at all. 

FIG. 11 shows a test form 3 modified for such a black 
composition to determine the boundary surface 2 for the color 
magenta. Instead of the printing ink K = black from FIG. 4, a 
formal printing ink K' as a combination of CMYK is varied in 
the vertical direction in the color fields 4. The composition 
of the color fields 4 in the first column in this case 
corresponds to the black composition according to the 
functions 8 in FIG. 10. This means that the bottom left color 
field has the composition C = 0%, M = 0%, Y = 0%, K = 0%, and 
the top left color field has the composition C = 85%, M = 78%, 
Y = 84%, K = 95%. In the bottom row, only the colored 
printing ink magenta is varied, that is to say the bottom 
right color field has the composition C = 0%, M = 100%, Y = 
0%, K = 0%. In the other color fields 4, however, the 
proportions from the corresponding color fields from the left 
column and the bottom row are not simply superimposed because 
the result for the top right color field would then be too 
high an area coverage sum. To limit the area coverage sum for 
all the color fields of the test form to a sensible value, for 
example 34 0%, the proportions are weighted with a weighting 
function g (M, K' ) that falls toward the right and toward the 
top. Such a weighting function is illustrated qualitatively 
in FIG. 12. The precise course of the weighting function g(M, 



HK-646 

K ! ) is not important, it merely needs to fall toward the top 
right corner of the test form 3. Without the weighting, the 
result for the top right color field would be the composition 
C = 85%, M = 100%, Y = 84%, K = 95%, with the area coverage 
5 sum of 364%. Using the weighting factor, for example, g(M, K' ) 
= 0.9, the result for the top right color field is the 
composition C = 76%, M = 90%, Y = 75%, K = 86%, with the area 
coverage sum of 327%. 

y 

Instead of the conventional black composition on the inner 

& 

ij=j reference curve 1, any other desired combination of some of 

y 

fg the N printing inks can also be selected, for example, a black 

Q composition without the printing ink black and only with the 

N printing inks cyan, magenta and yellow. In addition, for the 

]Sf method according to the invention, it is not necessary for the 

PJ 

inner reference curve 1 formed by the selected printing ink 
combination to represent only neutral colors at all and to run 
close to the L axis of the Lab color system. An inner 
reference curve 1 can, for example, also be defined by the 

20 printing inks red, green, and magenta. It is important only 

that there is an inner reference curve 1 that is common to all 
the color sectors 5. However, it is advantageous if the 
selected printing ink combination results in an inner 
reference curve 1 that runs relatively far in the interior of 

25 the printing process color solid and not too close to the 
edge . 
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Even in the more general case, in which, the colors on the 
inner reference curve 1 are formed by a combination of 
printing inks, a second set of test forms 6 is produced, a 
test form 6 being formed for each color sector 5, its color 
fields 7 containing combinations of the formal printing ink K' 
and the two colored printing inks Fl and F2 that define the 
boundary surfaces 2 of the color sector 5 . Because the formal 
printing ink K' , in turn, includes combinations of the 
printing inks selected for the inner reference line 1, there 
are actually, for example, six printing inks involved in the 
formation of a test form 6. Nevertheless, each color sector 5 
respectively corresponds to a three-dimensional sub- space of 
the overall N-dimensional printing color space, and there is a 
unique association between the formal printing inks and the 
real ones . 

The modified test form 6 again contains a number of groups of 
color fields 7 (cf . FIG. 9) . In each group, the colored 
printing inks Fl and F2 are varied in steps, which define the 
boundary surfaces 2 of the color sector 5, and the formal 
printing ink K" has a constant printing color value. From 
group to group, the formal printing ink K' is varied. Because 
of the involvement of more than three real printing inks in 
the formation of the color fields 7, however, there is again 
the risk that the result in the top right corners of the 
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groups, with a high K 1 proportion for the color fields 7, will 
be too high an area coverage sum. To limit the area coverage 
sum for all the color fields 7 of the test form 6 to a 
sensible value, for example 34 0%, the proportions are weighted 
in a manner analogous to FIG. 12, using a three-dimensional 
weighting function g(Fl, F2 , K' ) , which falls in a suitable 
way for the higher proportions of the printing inks Fl and F2 
and, in particular, for the formal printing ink K' . The 
precise course of the weighting function g(Fl, F2, K' ) is 
again unimportant. Following the printing and measurement of 
the modified test forms 6, the printing color profile in the 
form of the three-dimensional table is then determined as 
described above. During the interpolation of grids in the 
sub- spaces of the printing process color space, it is then 
only necessary to take care that the printing ink combinations 
in the color fields 7 of the modified test forms 6 do not have 
a uniform graduation, because of the application of the 
weighting function. 

The method according to the invention also permits the 
determination of suitable printing color profiles for the 
special case in which two colored printing inks have virtually 
the same hue angle. As an example of such a condition, FIG. 
13 shows, in a view from above of the a,b plane, the boundary 
surfaces 2 of two different orange colors Orl and Or2 . The 
fact that it may be practical to print with two virtually 
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identical printing inks is shown by FIG. 14, in which the 
boundary surfaces 2 of the two printing inks are represented 
in the coordinates lightness (L) and chroma (chroma is the 
distance from the L axis) . In simplified form, here, the 
5 inner reference curve has been assumed to lie on the L axis. 
It becomes clear that the two boundary surfaces 2 overlap to a 
great extent, but, in each boundary area 2, there are also 
noticeable regions in which the respective other boundary 

q surface 2 is not contained. This means that the color gamut 

Q 

IQi that can be achieved is restricted if printing were carried 

pi 

fjl out with only one of the two orange colors . 

W 
63 

M The values for the combination of both full-tone colors can be 
|J* taken from the last test form from the first set of test 

ljjjj forms. The corresponding point is designated by P in FIG. 14. 
If the two orange printing inks and black (or a corresponding 
color combination for the colors on the inner reference curve) 
are combined, the entire color gamut of FIG. 14 can be covered 
with a new common boundary surface 2, which lies to some 

2 0 extent on the boundary surface for the printing ink Orl, to 
some extent on the boundary surface for the printing ink Or2 
and to some extent between these two boundary surfaces. For 
such a purpose, a test form 3 is produced in accordance with 
the scheme from FIG. 4, in which the color fields 4 are 

25 composed of the three printing inks such that some color 

fields 4 contain only the printing ink Orl in steps, other 
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color fields 4 contain only the printing ink 0r2 in steps, 
further color fields 4 contain only the black printing ink K ' 
in steps, and the remaining color fields 4 contain various 
combinations of two or three of these colors. If the 
horizontal axis of the test form 3 is designated by Fx and the 
vertical axis by Fy, the following functions, for example, 
produce suitable proportions of the three printing inks Orl, 
Or2 and K' in the color fields 4: 

Orl = Min( Fx, 2 x (100 - Fy) ) 

Or2 = Min( Fx x Fy/50, 100) 

K* = Min( Fy, 2 x (100 - Fx)) 

In FIG. 15, the combinations of the three printing inks that 
are produced in accordance with these functions are specified 
for some color fields 4. The functions for producing the test 
form 3 for this special case can be varied within wide limits. 
All that matters is that the color fields 4 produced 
completely cover the common color gamut of the printing colors 
Orl and Or2 according to FIG. 14, and preferably with 
approximately equal-sized graduations. 

Following the printing and measuring of the test form 3, the 
Lab color values determined define a common boundary surface 2 
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for the printing inks Orl and Or2 . During the production of 
the test form 6 for the two color sectors 5 that are bounded 
by the common boundary surface 2, the procedure is initially 
as though the test form were built up with the formal color Fx 
for one of the colors involved in the sector. For Fx, for 
example, the corresponding values for Orl and Or2 are then 
used in accordance with the above functions . 



j-j* To describe and illustrate the method according to the 

l|j invention, the Lab color system has been used as the device- 

yij independent color system. The method is not restricted to 

13 such a color system but can be adapted to another device- 

C3 independent color system, such as the CIEXYZ color system or 

fy 

M the Luv color system. 
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